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apcap Abstract 





A chipless RFID reading unit based on electromagnetic (EM) interference is 
designed for tag location in the frequency domain. The proposed unit consists of 
a directional reader antenna, a chipless tag, and a reference metal plane. The 
relative distance between tag and reference plane can be determined by using 
the peaks/dips of the scattered radar cross section (RCS). Due to the existence 
of reference plane, the problems of reading range and the information collision 
can be relieved. From the simulation results, it shows that the accuracy of the 
location would be very high if the energy reflected by the tag and that scattered 
by reference plane, which are captured by the reader antenna, are close to each 
other. 


Keywords: Chipless RFID tag, Interference, Localization, Radar cross section 
(RCS), RF identification (RFID). 
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Excitation signal Modulated signal 
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Fig. | Scheme for chipless tag location 
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» Working principle 


Interrogation pulse 


IX 


received pulse 





RX 7 : 


Drawbacks: 
Y (1)Need to record the start time 


Y (2)The accuracy is depended on the 
shape of the pulse. 
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= Simulated RSS value 
x Measured RSS value 





0 20 40 60 80 


Distance [cm] 


Fig. 2 Measured vs. simulated distance 


A. Fawky, M. Khaliedl, A. El-Awamry, T Kaiser “Frequency coded chipless RFID 
tag localization using multiple antennas” in EuCAP 2017 -11* European 
Conference on Antennas and Propagation, pp. 1—4 Paris, France Mar. 2017. 


Drawbacks: 


Y With distance increasing , distance 
estimation 1s becoming inaccurate. 





» AOA(angel of arrival) 


"Wavefront from Tag 
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Fig. 3 Four antennas for angle of arrival measurement 


R. Miesen et al., ^ Where is the tag?, ” IEEE Microw. Mag., vol. 12, no. 7, pp. 549- 
S63, Dec. 2011. 


Drawbacks: 


v With distance decreasing , angle position 
estimation 1s becoming inaccurate. 
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mw Chipless RFID Tag Design 
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Geometrical parameter 


Substrate: Rogers 4003C 
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TX/RX interferenfe 


Fig. 7 Model of proposed system 

















Fig. 6 Measurement setup for localizing chipless RFID tag 


Y Using perfect conductor to replace 
wave-absorbing material can get a 
similar effect. 


R. Rezaiesarlak and M. Manteghi, “A space-frequency technique 
for chipless RFID tag localization," IEEE Trans. Antennas Propag., 
vol. 62, no. 11, pp. 5790—5797, Nov. 2014. 


Y Microwave-absorbing material is used to 


Y Distance between the tag and reference 
plane can be calculated 1n a simple way. 


avoid interference from environment to 
improve decoding accuracy. 





Y Create a relative stable environment 
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» Destructive interference 
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wave2 
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Resultant wave 


Y Destructive interference occurs when the phase difference 
is an odd multiple of a 


APCAP 2017,Xi'an 10/19 


AP CAP Working Principle 





PECI 


و 
٢ PEC2‏ 
( 
d‏ 7چ 
view point‏ 


« 


wave2 


wavel 


Plane wave 


Fig. 8 Top view of configuration in simulation 
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Fig. 9 RCS of the configuration 
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for convenience Eq. (1) can be converted into 


2d-f (d 





+— 2 
5 (2) 


C 


f, and f, satisfy the following equations 


all | undc 3 
: ITs (3) 
and 
24 on lel (4) 
C 2 


Hence, d can be deduced as 


According to data in fig. 9 the numerical 
distance d = 100.603 mm 
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Fig. 10 Top view of proposed system in simulation 
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Plane wave 


v The area of the tag is 20 x 20 mm?, and the area of the | 
reference plane is 160 x 160 mm*. | 






fy = 9.272 GHz 







= 8.306 GHz 


IRCSI (dBsm) 






.! fi2 6472 GBz 


— d = 100 mm 
=.=- d= 150 mm 


Frequency (GHz) 
Fig. 11 RCS of proposed system 
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» Calculated result 


C 
d = ———— (6) 


A( f, - f) 


Y Based on equation(5) 


Y When true distance is 100 mm, numerical distance 


is 110.45 mm. 


Y when true distance is 150 mm, numerical distance is 
155.2 mm. 





LlAdvantage : 
Phase difference is determined by the distance 


difference. 


Y Don't need to consider shape of pulse. 
Y Don't need to record the start time. 





12/16 


AP CAP Content 





I. Introduction 


2. Design of Chipless RFID Tag and System Unit 


3. Theoretical Basis and Working Principle 


4. Results and Analysis 


5. Conclusions 


APCAP 2017,Xi'an 13/19 


AP die AP Simulated Result 





TABLE I 


Simulated results with Reference plane Area of 160 < 160 mm? 


Position No. ne aa "EL Relative Error 
1 100 110.4 10.4% 
2 150 155.2 3.46% Y Value of relative error is small 
3 200 210.08 5.04% 
4 250 258.2 3.28% v With distance increasing, relative error 
5 300 310.6 3.53% declines 
Y Compared table one with two, using 
TABLE II 


reference plane with smaller reflected area 
can achieve higher accuracy 


Simulated results with Reference plane Area of 80 * 80 mm? 





Position No. m w ka m. Relative Error 
1 100 102.04 2.4% 
z 150 147.78 1.48% 
3 200 196.59 1.71% 
4 250 249.17 0.33% 
5 300 301.81 0.6% 
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Fig. 12 Measurement setup for localizing chipless RFID tag 


Y The area of tag is 40 X 40 mn", And the area of 
reference plane is 240 X 240 mm? 
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Y True distance d — 200 mm, numerical distance d’ = 196.28 mm 


APCAP 2017,Xi'an 





-18 

= 

any -2 

T 

— 

— -2 

e 

S 

E 

ہے 

ہے 

N -26 

2 1 

2 ng 

A -28 

Z A f, =8.0724GHz J 

Ac 

E f, -9.5161GHz 
-3 


3 4 5 6 7 8 9 10 
Frequency (GHz) 


Y True distance d = 100 mm, numerical distance d' 2 103.89 mm 


te — M 0 00۵ 


-10 


-20 


v 


-30 


f, =10.161GHz 
-40 


f, 29.642GHz 


IS 1 | system-9 1 Laus (dB) 


-50 


-60 
3 4 5 6 7 8 9 10 
Frequency (GHz) 
Y True distance d=300 mm, numerical distance d’ = 289.01 mm 


15/19 


AP Wi Measured Result 





TABLE III 
Measurement results with Reference plane Area of 240 X 240 
mm^,with tag area of 40 X 40 mm? 


Real Distance Computed 


Position No. Relative Error 


Measurement results with Reference plane Area of 240 X 240 


mm/’,with copper plane area of 20 * 20 mm? 


Position No. i س0۳‎ un oa Relative Error 
1 150 140.39 6.41% 
2 200 194.80 2.60% 
3 250 246.03 1.58% 
4 300 294.00 2.00% 
5 350 338.98 3.14% 


d (mm) Result (mm) 
1 100 103.89 3.89% 
2 150 157.23 4.82% ° . 
Y Value of relative error is small 
3 200 196.28 1.86% 
4 250 243.42 2.63% 
5 300 289.01 3.66% Y Absolute errors are less than 26 mm 
6 350 324.67 7.2396 
Y [f using small reflection area tag, distance 
۱ ۱ 
AEE d can't be obtained when exact distance 1s 


small. 
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Y A relative distance calculation method based on interference is proposed. 
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ل 
(f, - f)‏ 


Y A system unit for tag localization and decoding with high accuracy is 
proposed. 
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